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OBJECTIVES OF THE ALS VM COOLER STUDY PROGRAM 


The objectives of the Cryogenic cooking f ^^fjigerator^hil e^ati sfyi nglystem requirements, 

ALS instrument to a temperature of 78 . f . a nrelimlnary VM refriqerator conceptual design compatible 

iW b llI h llS55lt SriETS!& spacecraft, *and (4) assess development problems and prepare an implementation 
plan for development of three flight qualified VM coolers. 


The results of this stud, are intended to provideJASA SSS'M ^ 

This study was conducted by Samuel S' f R ^|° lonlHeronaJti^and Splc^ Admi^I i s tr It i on! ° La n gSl y Research 
Center^under Scanner,' 



ALS STUDY OBJECTIVES 


r * 


HUGHES 



ESTABLISH CRYOGENIC REQUIREMENTS 

DEFINE PRELIMINARY CONCEPTUAL DESIGN 
AND 

PREPARE IMPLEMENTATION PLAN 
FOR 

A VM CYCLE CRYOGENIC REFRIGERATOR (COOLER) 
TO BE USED IN COOLING THE ALS DETECTOR 
ARRAY TO 78°K DURING A TWO-YEAR 
OPERATIONAL SPACE MISSION 






SUMMARY 


HUGHES 


o DEFINITION OF CRYOGENIC REQUIREMENTS 
SHOWS VM COOLER MEETS ALS REQUIREMENTS 

o THERMAL AND MECHANICAL INTERFACES HAVE BEEN DEFINED 

o HUGHES RECOMMENDS A REDUNDANT COOLER SYSTEM 

o TOTAL POWER REQUIREMENT CAN BE MAINTAINED 
BELOW 100 WATTS 
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review of als mission and cooler requirements 


The initial ptase of this study 

*»: *• refH9erator baseiine re,u,rements 
for the ALS cryogenic cooling system. 

Overall Requirements - The ALS Instrument “hSteprlEr ? 1 innJuSt 1 Sftcfwill Kt^thf UARSp'spacecraft, 
Conceptual Planning Uuite. Stisfied during prelaunch, launch, orbital insertion, and re-entry 

overall mission requirements of the STS must satisfied in orbit and during orbital transfer periods 

periods of the mission. UARSP mission requi remen ts must be satisfied in^ ^ ^ space vacuum> t ^ and 

of the mission. The ALS instrument will oasslvely or actively controlled at the spacecraft temperature 

radiation environment. Instrument temperature wil be P^Y ^ SO w over the spacecraft niaximum temperature 

T-m yssrsjftii ffliS ^ m m* 

Environment Planning Guide. . 

The mission life of the instrument is a nominal 500° hours) with C 100 9 start-ups 6 without instrument 

20,000 hour life including a 2 -year in-orblt bi 1 ^ 2 ^ Tte sSrage life of the instruaient shall be a 

J^SSSr^’lnrutlizing- special containers as necessary for envaronmental 

protection. 



ALS MISSION AND COOLER REQUIREMENTS 


CHARACTERISTIC 

0 

Refrigeration Temperature, °K 

0 

Refrigeration Temperature Stability, °K 

0 

Refrigeration Capacity, Watts 

0 

Input Power 


o Voltage, VDC 


o Amount, Watts 


Heaters 


Driver Motor 


Electronics 

0 

Cooldown Time, Hours 

0 

Dynamic Unbalance 
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REQUIREMENTS 

78 ±2(-195°C ± 2) 

±.0l a 2 min 

0.3 

28 AND 10 (10 VDC RESERVED 
FOR CONTROLS) 


<75 

415 

<10 

< 2.0 

<.07G 







ALS 


MISSION AND COOLER REQUIREMENTS (CONTINUED) 


HUGHES 


■ 

CHARACTERISTIC 

REQUIREMENTS 


OPERATIONAL MODES 



0 OPERATING 

NORMAL operation; capable of 
continuous operation 


0 SHUTDOWN 

CAPABLE OF DRAWING "0" POWER 
WITH A RESTART ABILITY OF AT LEAST 
100 TIMES 


HEAT REJECTION 



o Rate, watts 

^100 


o Method 

Heat pipe or liquid coolant to 

SPACE RADIATOR 


o Temperature of crankcase t °C 

-10 TO 40 

0 

POINT OF MECHANICAL ATTACHMENT 

ALS INSTRUMENT 

0 

ENVIRONMENTAL TEMPERATURE RANGE, °C 

-10 TO +40 

0 

OPERATING LIFE, HOURS 

^ 20,000 

0 

STORAGE LIFE, YEARS 
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MISSION AND COOLER REQUIREMENTS ( 


Character i st i cs 

o Detector Displacement to focal plane, 
(lateral and axial) 

o Environmental design requirements 
o EMI Design Requirements 


nued) 


Requirements 


M 


± 0.75 


per UARS Flight Environment 
Planning Guide 

Per Mil-std-461, Class 1 
(communication and electronic 
equipment) 
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ALS STUDY TASKS 


on 


The ALS cooling study major tasks are summarized below: 

for d e tec tor 1 coot C SiSatton°Sr^sl iSlldTcSlldSTtiS o°f Se^si 

and environmental constraints of the UARSP mission. 

Perfor mance analysis - Conduct a performance analysis for steady state operating conditions result, ng in an 
optimized refrigerator design. 

which Jwill^sul^i^l^lo^^ 't^tfactory^nterfa^sHbetween the t VM^refMgerator° a the d ALS^nstrument! V and°the* )tS 

UARSP spacecraft. . . 

esubS ^ a ^ con 3;; uired 

to ^ groun^suppor^equipment 

(GSE) to support an ALS flight experiment in the mid 1980 s time period 




o DEFINE CRYOGENIC REQUIREMENTS 
o ACCOMPLISH PARAMETRIC PERFORMANCE ANALYSIS 
o IDENTIFY INTERFACE RECOMMENDATIONS 

o CREATE CONCEPTUAL DESIGN ” 
o DEVELOP A PRELIMINARY IMPLEMENTATION PLAN AND SCHEDULE 
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ALS CRYOGENIC COOLING STUDY SCHEDULE 


Work was begun on this program in December 1980. The main objectives, shown 


on the schedule, are to 
a parametric performance 




HUGHES 
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REFRIGERATOR CRYOGENIC REQUIREMENTS 


<^^4&s§3&i^323^3^282^ 

the following: 

Cooler Selection - Candidate closed cycle coolers for the ALS instrument mere the integral VM cooler and the split 
cycle C VM cooler (i.eT, a primary power module separated from the refrigeration module). 

Hughes has developed and successfully SSaffi^S 

.»•*■« with th e s P m ««„ ». 

The power required by a split VM cooler ^only"^^ tQ S ^Th^M gher input power require- 

ment 3 results° from £ ^WbS^Hc^ M^VSdM inaciive volu TO associated with a typical 
split cycle cooler transfer line. 

Although the split design offered s1 9n lTl v®S ssocl ated 9 w1 1 " V cool e^could" 1 Sol * sat? sfy"* the * ALS** 100 W wa t^cool er 

therefore , W the M*" -« —ted as the baseline cooler. 

The initial concern with the integral VM was the effect of ^bration output^n t^instrumenR Revaluation o^the 

of^O^L^Th^instru^nt'ranufacture^has Concluded 1 that the above shaking force magnitude and frequency are within acceptable 
limits for interface with the ALS instrument. 

Vacuum Dewar Design The detector vacuum dewar mist t ^ e t ^® p ^e teGtor^nwunted 1 wi thi ^the 1 dewar 1 is the preferred approach, 
and throughout mission life. An evacuated glass dewar w dewar serves as a support for mounting the 

The advantages of this type dewar 9 °^^ to a vacuum h J^ing (1) th d^ forces from the refrigerator to the detector, 

detector array off of the cold cylinder e ''J^ing the conventional sealing techniques which could degrade during 

storage.^The XK —nation section of this report. 
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LIFE REQUIREMENT - 20,000 HOURS 


life Limiting Component - Operating data fE 

tst » T^lTJufl 6 :- HU9hes 15 “° rk1 " 9 

on development programs with the 0, f ra 'l h ?W e JJ!*' iT aJ^comprised'of tasks^ihichTn part contribute to developing 
40,000 hour minimum life requirement. These P r °9^ a ^ rpouirement Huqhes is confident that advances in dynamic 

S.r fc taSoSS , Srr« of 20,000 hours within the time 

frame required for development of the ALS cooler. 

experieULd does not indicate unusual wear as compared to continuous running wear. 

One effect of start-up operation can be to reduce ^P^Jerato/to warm 1 up' rat But, {^difference ii^volumetric 
(helium gas) is contaminated, it will eventually cause the refrig a JJ t Jg refrigerator operating. If the 

flow in and out of the cold regenerator tends to *eep 9 ra nidly diffuse to the cold regions and become 

refrigerator is turned off for a short time, the contaminants PY re f r ig e rator is turned on, the conta- 

trapped there until the entire refrigerator warms up If Is «S2d up to 250OK before it is 

?;red S on r (i C t 0 "s e es"™teJ n tSn STSlft." 2 hours)’, the contaminants are swept out of the regenerator and the 
refrigerator operates normally. 

When the gas is not contaminated, start-stop operation does not affect cold end performance. 

Redundant Cooler - As previously stated, the life limiting component on the VM 
refrigerator i s 'the first stage or ambient dynamic seal. Hughes 1 |.^5 n f2^| nt 
that £ a result of the seal development effort previously described tne 
ALS 20,000 hour seal-life requirement will be realized within the time frame 
required for development of the ALS cooler. However, regardless of the level 
o^rel iability of any mechanical component, failures can statistically occur. 

Therefore in addition to a single refrigerator cooling system, Hughes is 
pursuing a system with a redundant VM cycle refrigerator for the ALS instrument. 

The primary and redundant refrigerator will each be designed to meet the ALS life 
requirement of 20,000 hours. 



LIFE REQUIREMENT - 20,000 HOURS 


HUGHES 


o LIFE LIMITING COMPONENT IS THE AMBIENT DYNAMIC SEAL 

o BASED ON CONVENTIONAL SEAL MATERIALS AND DESIGNS 
MAXIMUM SEAL LIFE IS 20,000 HOURS 

o NEW SEAL MATERIALS AND DESIGNS WITH POTENTIAL 
FOR LIFE ^20,000 HOURS ARE UNDER DEVELOPMENT 

o START STOP OPERATION 

o OPERATING DATA ON VM REFRIGERATORS INDICATES 
NO UNUSUAL SEAL WEAR COMPARED TO CONTINUOUS 
RUNNING WEAR 
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REFRIGERATOR THERMAL LOADS 


The refrigeration capacity required is determined by the following heat loads 


o Detector thermal load 
o Dewar conduction and radiation load 


o Lead conduction load 

o Heat pipe conduction and radiation load (redundant system) 


The results of the thermodynamic design and parametric performance analyses, which 
defined an optimized cooler based on temperature and thermal load requirements, 
indicate that a two-stage refrigerator is most efficient. 


The thermal load due to 
thermal shield radiation 


the detector consists of bias (I 2 R) dissipation and aperture 
The refrigerator must cool the detector loads summarized 


below. 



ALS DETECTOR THERMAL LOAD 


I 1 

I HUGHES ! 

I J 


DETECTOR LOAD, WATTS 

• DETECTOR BIAS* 

• APERTURE THERMAL SHIELD RADIATION* 


O.lOO WATT 
0.009 WATT 


WITH 0.38 BY 0.A8 CM APERTURE* 


TOTAL 0.109 WATT 


•DETECTOR LOADS DEFINED BY INSTRUMENT MANUFACTURER 
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REFRI6ERAT0R THERMAL LOADS (Continued) 


Detector/dewar thermal load - The thermal load from the detector dewar U „^" ction . 

SS SS- co^nTSu^^ l°U At u is ignored. 


The radiation load consists of 


The major -heat load from the dewar is conducted up the glass well, 
radiation from the glass well to the cold finger. 

With the single cooler system the dewar Is designed 

Si SSStaws:-' i».usrw - 

130°K stage. 


With a redundant cooler system, It is required to thermally sSrt^te'iao^K 

&E? a as sn: at slt JsasiaMss’Si- he. t ,«u. 

The resulting 130°K stage thermal load for the single cooler system is summarized be 
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EFFECT OF CRANKCASE TEMPERATURE ON 73°K STAGE CAPACITY 

AND HEATER POWER 


A parametric performance analysis was conducted of the baseline cooler. The h rJilpd 1 and°fill 9 oressSre y we^ 
Dower input was evaluated as a function of temperature. In this analysis, the speed and fill pressure were 
maintained at their design values; the calculated performance data represents steady state values. 


Th* fiaure below shows how refrigeration capacity and required heater power of the cooler varies as a 
function of crankcase temperature. The crankcase temperature significantly affects the performance of a 
cryogeni cref ri gerato r . Increasi ng the temperature reduces refrigeration capacity for two reasons; 


o The larger temperature gradient across the stage increases the thermal losses 
particularly on the first stage. 

o The higher crankcase temperature decreases the pressure ratio by increasing 
the minimum cycle pressure. 


tN^rcymde? Inching the^o t 

cylinder temperature increases the refrigeration capacity by increasing the pressure ration °J 1 ^® t J® nn0 
Shamir evele Heater Dower increases slightly with increasing ambient temperature, but can almost be 
considered constant over the -10°C to 40°C ambient temperature range. The ambient temperature is priroar y 
determined by the heat rejection system of the spacecraft. 



NET COOLING, CAPACITV^ WATT 
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EFFECT OF SPEED AND CRANKCASE TEMPERATURE ON PERFORMANCE 


A parametric study of the baseline cooler was conducted showing the effect of speed 
and crankcase temperature on refrigeration load and input power. The refrigeration load 
is shown as a function of speed in the figures below at crankcase temperatures of 40 C 
and -10°C. 


The refrigeration load and required heater power increase as the speed is increased 
above the design speed of 250 rpm. Refrigeration load begins leveling off to a maximum 
value at a speed of approximately 500 rpm. The rpm at which the maximum refrigeration 
load is realized increases as the crankcase temperature is decreased. Although there is 
a refrigeration load limit, there is no heater power limit, and the power requirement 
continues to increase with increasing speed. 



EFFECT OF SPEED AND CRANKCASE 
TEMPERATURE ON PERFORMANCE 


H 



HUGHES 



us 


i 

260 300 500 

SPEED (RPM) 
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COOLING CAPACITY AND HEATER POWER VS. HOT END 
TEMPERATURE 


power savings can be 
The curves 


When operating at crankcase temperatures lower than 40 C 
realized by operating the cooler at reduced hot end temperatures. The curves 
below indicate that when operating at a crankcase temperature of -WrC, the hot 
end temperature can be reduced from 645°C(920°K) to 540®C(815°K) with no loss 

in refrigeration capacity. The corresponding reduction in heater power is from 
74 watts to 62 watts (12 watt saving). 



■7*5 °K ST AGjE. COOLING CAPACITY, WATT 
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REFRIGERATOR CONCEPTUAL DESIGN 


Fniiowina the thermodynamic and parametric performance analyses, which defined the optimum 

in the analytical study; this indicates that the working pressure ratio will be “ ... m „ 
originally computed. The layout further provides neces sary information fusibility 

nf meetina ooeratinq life requirements. Bearing sizes and load factors, as weM 
Critical bearing surfaces and drive components, must be defined before the overall life of 
the refrigerator can be estimated. 
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MECHANICAL LAYOUT OF BASELINE ALS REFRIGERATOR 


2KT.W drawing BW M 52"" 

H'l -3Ff£^^ sss; M ,d f -gs 

a: sara^.a?rp? t .si * » • 

at the base of the cold cylinder provides 


o Surface for an 0-ring and a metal seal 

o A surface for bolting the cold cylinder assembly to the crankcase 
o A mounting surface for the detector support dewar 



MECHANICAL LAYOUT OF BASELINE ALS REFRIGERATOR 
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COLD END ASSEMBLY 


a s s h z sittx’ssi 

screen. . . t 

The cold dIsplaGer coHsisting^o^ su PP ort 

250 RPM with a 0.3-cm stroke. Rider J 9 shimmed axially for optimum heat clearance to 

each section of this assembly. Each displacer can S J™ the p | st0 n from hitting the cylinder when 

thereby minimize the dead volume in the jold stage an« ^ ' * f p J fiberglass in order to minimize thermal 

me “• H etai attachMent ends are use 

Two dynamic seals on the cold displacer jJ'Ectical^iTEkag^ sllghly to 

f rl ctl onal e drag? ne The°f 1 rst 2S dy^lclell E?IS dLign developed hy Hughes for operate at amhrent 
temperature. 



COLD END ASSEMBLY 
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HOT END ASSEMBLY 


The hot end assembly consists of the h °* The^fTgure beTw s'lww the" basic configuration of the hot end. 

a hot displacer with rider rings, and an insulation container. The g b 20,000 hours of satisfactory 

electrical 'heater^brazed WnS^videV external heat input to the refrigerator. 

One of the two heaters on the hot cylinder hot"cylinde? e temperature. 

S -T5 3Ji1i t«SJS,"1^«.t from the sheath. A ^-series niche! wire 

is utilized for the termination of the heater elements. 

Three identical platinum resistnace temperature sensors c ’^ed 0 irmainUininS d th4 hMter temperature, 

clamps are brazed over the outer surfaces of the ,, „?2 1<tes independent overtemperature protection, the third 

?"%eU5an? 25*21’. Sn t c^nd e ;b^Shed re into either the control circuit or the overtemperature circuit shou 
either of the primary sensors fail. 

l0 ss cylinderl^This SfSl25 TS. hot “ 

u.ed between the shell and the displacer to allow the gas to^t t roug the piston before it is welded 

electron beam welded assembly made of Inconel 718. Min-K - t increase its resistance to collapsing. A 

IpH„g p d f k-« ’ jrisr sf. wr« 

iLrrjKt^l^^Sla^d^n Jh^ find! ngs^from°the^VM° seal Material development studies. 


60 



HOT END ASSEMBLY 


r - 
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DRIVE ASSEMBLY 


. . li ,.ov»woc ac a hpat exchanae medium between the crankcase 

The housing assembly contains the motor drive a ”®^’ t SSucture for the space radiator, and serves as the 
heat exchanger and the space it^3 e a fr?mTaluSSm^ alloy. The Sse of the space radiator was 

« Z f e 3 tUi n/S? S^dS^^ot a part of this study program. 

flanges’U'HSd “.SiMtSV^ia.nS ^sL ISd 

Thermal expansion effects at different crankcase temperatures. 

A major concern in the design of a long life VH refrigeration system^is^the^^eaiagei^ will maintain 

assembly flange seals. Metal seals with 1 nd l“ I l? 1 Ected^b v* as much as 0.002 inch. The rigidity requirements necessitates 
sealing integrity even when the flanges are ddf,e ^ ad b * clic pressure loads on the metal K-seal can cause fatigue 

^^a^wSSsSSaVzar - - - " “ * - 

In order to minimize the dead volume in the cra "^ s ®’ ^anium a in C J)rder n to reducrweighfand yet Maintain 
0 0127 cm All components of the drive assembly are ."* d ® °f h L t of the bearing material. The drive housings provide 
approximately the same coefficient of thermal expa " s ™ n /^ ^ are the outboard set of duplex pair shown below The 

Amounting surface for the main drive bearings. These bear . f th ^rive housings. The crankshaft contains 

rotor of the motor turns the crankshaft around the longi u ’ linkage^. The counterweight ring and crankshaft 

So eccentrics that drive the cold disp acer and the tot d»P of bea rings are the connecting rod bearings, 

^nWcJSt C S"SS2 irTrSatimTt^the connecti ng rod of the displacer. 

The refrigerator is dynamically ba1d " ddd Sthe d cold t andSordiTpla«^and ^utilizing counterweights in the 

^SYoIp^’^ce the primary inertia forces. 



DRIVE ASSEMBLY 


HUGHES 
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SOURCES OF REFRIGERATOR DYNAMIC IMBALANCE 


The three basic contributors to dynamic imbalance in a VM refrigerator are 
0 


Linear inertia forces acting along the axis of each cylinder; the notion of the hot and cold 
displacers causes these forces 


o 

o 


Rotating inertia forces due to the imbalance of the rotating parts of the crank mechanism 

Coupling forces resulting when crank mechanism imbalance forces and counterweight inertia forces 
are not in the plane of the displacer motion. 


The inertia forces that the reciprocating motion of each displacer generates is expressed by the relations p 


where 


F = KMN 2 r(cose + -j- cos 2e) 

F = inertia force 
K = a constant 

M = mass of reciprocating parts 
N = rotational speed 
r = radius of crank 
i = length of connecting rod 

. , fl v +h nwimarv force which varies sinusoidally at the fundamental frequency 

(Which™* equal ^ to' th^rotatl onal ° s P® e ^) and (2) thj J secondary force 

stjjws 

plane and arranged 90 degrees apart as th ® y a . . oroduct of the cold displacer mass and crank radius equal 

liner inertia forces. This Is accomplished by mak ng the product f ° £ The rotating force from the 

the product of the hot displacer mass and crank radliu. and by 9 “ displacer. This leaves the secondary shaking 

fS?« r SbSSnS2d‘ 1 L?l^ U lS"Lch“US¥l2 r Sa? ?he unbalanced primary forces because of the geometry of the 
connecting rod/crank i.n the VM refrigerator. 



SOURCES OF REFRIGERATOR DYNAMIC UNBALANCE 


HUGHES 


1) LINEAR INERTIA FORCE ACTING ALONG THE AXIS 
OF EACH CYLINDER: MOTION OF HOT AND COLD 
DISPLACERS CAUSES THESE FORCES (PRIMARY 
FORCES CAN BE COMPLETELY BALANCED, 

MAXIMUM UNBALANCED SECONDARY FORCE = O.OOIAG) 

2) ROTATING INERTIA EFFECTS DUE TO IMBALANCE 
OF ROTATING PARTS OF CRANK MECHANISM (CAN 
BE COMPLETELY BALANCED) 


3) COUPLES RESULTING FROM CRANK MECHANISM 
IMBALANCE" FORCES AND COUNTERWEIGHT INERTIA 
FORCES BEING OUT OF THE PLANE OF THE DISPLACER 
MOTION - (CAN BE COMPLETELY BALANCED) 
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PRIMARY INERTIA FORCES ARE BALANCED 


dynamic balance are* 


mass of hot displacer = 126.7 grm 

M = mass of cold displacer = 267.4 grm 
c 

r H = radius of hot displacer crank = 0.439 cm 
r = radius of cold displacer crank = 0.155 cm 

Q 

l h = length of hot displacer connecting rod = 3.56 cm 
1 = length of cold displacer connecting rod = 3.3 cm 
n = rotational speed = 250 rpm 


imbalance forces will be 0.0014 g at 5 Hz. 



PRIMARY INERTIA FORCES ARE BALANCED 


HUGHES 



COLD DISPLACER 


UNBALANCING FORCE 
FROM RECIPROCATING 
HOT DISPLACER, 



RESULTANT UNBALANCING 
FORCE IS OF CONSTANT 
MAGNITUDE AT ANY 
CRANK ANGLE 

UNBALANCING FORCE FROM 
RECIPROCATING COLD 
DISPLACER 


BALANCING FORCE 
FROM COUNTERWEIGHT 
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REFRIGERATOR AND EIFU WEIGHT ESTIMATE 


Total weight of the 
64.2NC.W-43 lb.). 


refrigerator and EIFU fs estimated to he 
fhe weight breakdown is shown below. 



REFRIGERATOR AND EIFU WEIGHT 


o HOT END ASSEMBLY 

o COLD END ASSEMBLY 

o CRANKCASE ASSEMBLY 

o MOTOR DRIVE ASSEMBLY 

o REFRIGERATOR TOTAL 

o EIFU 


CRYO SYSTEM TOTAL 


NEWTONS 


HUGHES 


6.22 ( 1.40 lb) 
8.00 ( 1.80 lb) 
11.78 ( 2.65 lb) 
11.47 ( 2.58 lb) 

57.5 ( 8.43 lb) 

26.7 ( 6.0 lb) 

64.2 ( 14.43 lb) 
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MOTOR TORQUE REQUIREMENTS 


The greater portion of the energy that a W ^"or"^ 

^nlU -SuiSttl propel^phase rKship between the displacers. The motor torgoe and power 
requi rements are summarized below. 


The drive motor Is a two-phase Induction motor that tamlnattna" ?be S wor k t ng d f 1 ul d ■ ' However.^the added 

a stainless steel shell. This prevents the windings from ^"taminating^tbe^worklng ^ ^ ^ ^ (j 

designed d for ?SS.“ o£rSTp^f 250™ m%ut the speed can be varied by *10 percent upon command from 
the EIFU, as required for hot end temperature control. 


The motor torque and power requirements are summarized below 



MOTOR TORQUE REQUIREMENTS 


AVERAGE TORQUE, CM-N 
PEAK TORQUE, cm-n 
AVERAGE OUTPUT POWER, WATTS 
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8.12(11.5 in-oz) 
10.55(14.95 in-oz) 
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CRITICAL INTERFACES 


The cold cylinder/ detector-dewar, refrigerator radiator, refrigerator/ALS housing 
assembly, and refrigerator/EIFU interfaces have been studied. As a result of these 
studies, interfaces consistent with good system performance and ALS program 
requirements have been defined. 



CRITICAL INTERFACES TO BE REVIEWED 


HUGHES 


o COLD CYLINDER/DETECTOR DEWAR 
o REFRIGERATOR/ALS INSTRUMENT 

o REFRIGERATOR/HEAT REJECTION 

o ELECTRONIC INTERFACE UNIT 
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COLD CYLINDER DETECTOR DEWAR INTERFACE 


designed for the required stiffness would have excessive thermal losses. 

By mounting the detector on the dewar ft is possible to ^’9" ‘he cold 
^SSro^ele’tfctoTi^i^d’S: S&IS-^SSrS tl vacu» dewar. 

Single Cooler System - The dewar Is designed to ^^aUon"o “Sfccoler 

?r^?h^1S^t: e u:ent. <S too^e^m«^pro;12e^?hermal Interfaces between the refrigerator cold cylinder and 
the detector /dewar at the 130°K and 73 K stages. 

ras axre &'ai ^ 

assembly is contained within an evacuated housing. 




1. SINGLE COOLER SYSTEM 

o Direct Mount of Dewar to Instrument 
o Self-contained slip-on detector/cold Cylinder Dewar 

o Dewar adjustable with Respect to Optical System 
without Disassembly 

o Detector Dewar conductively coupled to cooler at two stages 

2. REDUNDANT COOLER SYSTEM 

o Direct Mount of Dewar to ALS Instrument 

o Self contained Detector Dewar and Separate Cold Cylinder Dewar 

o Detector Dewar Adjustable with Respect to Optical System 
without Disassembly 

o Detector Dewar Thermally Coupled to 2nd Stage of each 
Cooler by Diode Heat Pipes 



76 


COLD CYLINDER/DEWAR INTERFACE 
(SINGLE COOLER SYSTEM) 


Below is a conceptual -lew of the detector/dewar mounted t^the^nstrument^nd^ted with^coHcyl Indec. 

Braided copper s Jl" a Pt 0 n copper mesh provide fl bl h^ to t|)e „ ld cylinder and the other end pressed 

array support. At the IJU K stage, one e w dewar and the copper is pressed against the 

against the dewar. When the co d cylinder is fitted into _ the glass dewar and tne opp ^ , s ut(11zeiJ a t 

dewar wall, there Is a thermal interface between the dewar and the cold cy d \ oviding , thermal 

— •' “ 

ThP Hptector/dewar is axially adjusted by using different shims between the dewar and mounting surface. 
Smal/radial adjustments are made with locking adjusting machine screws at the base o the dewar. 

Mounting the dewar to the Instrument, as shown below, provides for separating the cooler from the Instrument 
without disturbing the detector. 



COLD CYLINDER/DENAR INTERFACE 
CS INGLE COOLER SYSTEM) 


I 3 Q°k 


DEWAR (N/O l 
5LmFA 


MOUMTl! Ji 
SURFACI ‘ 
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TEMPERATURE DROP ACROSS COLD CYLINDER/DEWAR INTERFACES 
(SINGLE COOLER SYSTEM) 

With a copper area to length ratio of 0.050 cm and an 0.55 watt first stage heat load, the temperature 
drop from the dewar wall to the 130»K stage is limited to approximately 2.5»C. 

At the 73°K stage a copper pad area to length ratio of .0.05 cm and an 0.19 watt detector thermal load, 
the temperature drop between the detector and cold cylinder is 0.6^ L. 



TEMPERATURE DROP ACROSS COOLER/DEWAR INTERFACES 
(SINGLE COOLER SYSTEM) 


HUGHES 


1) TEMPERATURE DROP ACROSS FIRST STAGE INTERFACE 
Q = 0.548 WATT 
A/L * 0.050 cm 
K = 4.5 w/cm°K 


T = 



2.440C 


2) TEMPERATURE DROP ACROSS SECOND STAGE INTERFACE 

Q - 0.185 WATT 

A/L = 0.05 cm 

K - 6,0 w/cm°K 

4 T = -j^— - 0.62°C 
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3-DIMENSIONAL SCHEMATIC OF 
THE REDUNDANT COOLER SYSTEM 
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COLD CYLINDER/DEWAR INTERFACE 
(REDUNDANT COOLER SYSTEM) 


The implementation of a redundant refrigerator requires that the non-active refrigerator be thermally 
isolated from the detector/dewar. Failure to accomplish adequate thermal isolation will increase the thermal 
lnad at the 73°K stage from 0 27 to 0.40 watts: the thermal load at the 130°K stage increase trom 0.45 watt 
1° 1 53 watt 3 The additional 1 oads increase tfie input power requirement by approximately 20 watts. 


The required isolation can be achieved by thermally coupling each refrigerator to the detector dewar 
with a diode heat pipe. Below is a conceptual layout of a redundant refrigerator system utlizing diode heat 
pipes to thermally couple the active refrigerator to the detector/dewar and thermally isolate the non-act ve 


refrigerator. 



COLD CYLINDER/DEWAR INTERFACE 
(REDUNDANT COOLER SYSTEM) 
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TEMPERATURE DROP ACROSS COOLER/ DETECTOR INTERFACE 
(REDUNDANT COOLERS) 


The total temperature drop between the detector and cold finger ^ appiroxiinateTy 
c «or The temperature drop results from heat flow across 3 major thermal interfac 
ii 'sSUriSrfSiS! ThJouSh careful design optimisation, the temperature drop could 

be reduced further. 



TEMPERATURE DROP ACROSS COOLER/DETECTOR INTERFACE 

CREDUNDANT COOLERS) 


HUGHES 


AT Across refrigerator/detector interface = 5,6°C 

1) L T ACROSS HEAT PIPE 

Heat flux = 0,271 watt 
Heat pipe capacity = 12°C/watt 

A T = (0,271 watt)(12°C /watt) = 3.3 0 

2) AT ACROSS DEWAR COLD FINGER 

Q = 0.22 WATT 

A/L = ,086 cm/5,08 cm = 0,17 cm 

K = 6.0 W/cm - °C 

A T = -S— = 2,2°C 
L 

3) L T ACROSS EACH HEAT PIPE INTERFACE 

Q = ,271 WATT 
A/L > 1.0 cm 

K = 6.0 w/cm -°C 
L T = = 0 . 05°C 
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DIODE HEAT PIPE COMPONENTS 


IN THE FIGURE BELOW THE BASIC COMPONENTS 
OF THE DIODE HEAT PIPE ARE ILLUSTRATED. 




GAS FLOW IS LIMITED, 
NO WICK 



CONDENSER EVAPORATOR LIQUID TRAP 


(COOLER COOLS THIS 
REGION) 


THESE REGIONS 
ATTACHED TO 
SENSOR 
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CHARACTERISTICS OF DIODE HEAT PIPE SATISFYING 
ALS REQUIREMENTS 


The design characteristics of a diode heat pipe satisfying ALS system requirements 
are defined below. 
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CHARACTERISTICS OF DIODE HEAT PIPE 
SATISFYING ALS REQUIREMENTS 


HUGHES 


o OPERATING TEMPERATURE, 75 °K 

o HEAT FLUX CAPACITY, 3 WATTS 

o TRANSPORT FLUID, NITROGEN 

o WICK, STEEL MESH OR FELT 

o GRADIENT LENGTH, 12.7 cm 

o SHELL DIAMETER, .187 cm 

o SHELL THICKNESS, .025 cm (1027 psi with safety factor of four) 
o THERMAL RESISTANCE 12°C/watt 

o HEAT FLUX AT EVAPORATOR AND CONDENSER, 0.31 W/cm? 

o BURST PRESSURE/A, 1027 psi 

o PEAK GAS PRESSURE, 1000 psi 
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heat rejection interface 


Waste heat is rejected from the VM cooler to a radiator mounted on the spacecraft, 
thirradiator is thermally coupled to a'flange in the crankcase region of the 
refrigerator^ The crTnkcase housing and the radiator mounting surface have been 
^ . n oui yacfp hpat to be transferred to the radiator without causing 

Urir e t ^r % dropf ^thelraSkcIse and radiator ncuntlng is 

^ranfca^ 1? TV&Av 

± 28 °C. 



HEAT REJECTION INTERFACE 


o HEAT TRANSFER UNIT CHTU) WILL THERMALLY 
MOUNT TO REFRIGERATOR CRANKCASE 

(6A CM AVAILABLE FOR THERMAL INTERFACE) 

o (HTU) WILL TRANSPORT WASTE HEAT TO SPACE RADIATOR 
o REFRIGERATOR CRANKCASE WILL BE MAINTAINED iAO°C 
o ESTIMATED CRANKCASE TEMPERATURE GRADIENT IS 12°C 
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SUMMARY OF HEAT REJECTED 


Waste heat is rejected from the VM cooler to a radiator mounted on the 
vehicle; this radiator or an intermediate heat transfer unit, is mated 
to a flange on the refrigerator crankcase. 

A total of 87 watts must be rejected across the interface. A summary of 
rejected heat is presented below. 



SUMMARY OF HEAT REJECTED 


73°K STAGE LOAD 

(M2 

1309K STAGE LOAD 

0.27 

HEATER POWER 

75 

MOTOR DISSIPATION 

12 

TOTAL HEAT REJECTED 

87 WATT 


HUGHES 
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FUNCTIONS OF ELECTRONICS INTERFACE UNIT 


The EIFU consists of the motor inverter, temperature control circuits, and all 
other power conditioning circuits. A wide variety of EIFU configurations is 
possible, depending on the electronic packaging concepts used and the size and 
shape constraints imposed by the spacecraft. The EIFU performs six essential 
functions; it 

o controls the refrigerator drive motor 

o controls the second-stage temperature 

o controls the hot cylinder temperature 

o provides signal conditioning for the instrumentation 

o contains the fault detection/interlock circuits 

o contains the control logic for processing commands 
from the ground 



FUNCTIONS OF ELECTRONIC INTERFACE UNIT (EIFU) 


HUGHES 


o CONTROLS REFRIGERATOR DRIVE MOTOR 

o CONTROLS TEMPERATURE OF COLD AND HOT CYLINDERS 

o PROVIDES OVERTEMPERATURE PROTECTION FOR HOT CYLINDER 

o PROVIDES SIGNAL CONDITIONING TOR INSTRUMENTATION 

o SHUTS OFF POWER SHOULD ANY MALFUNCTION OCCUR (FAULT DETECTION) 

o CONTROLS LOGIC FOR PROCESSING COMMANDS FROM GROUND 
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SECOND STAGE TEMPERATURE CONTROL 


The temperature of second stage (73°K stage) is controlled by varying two parameters. 


1. Hot end temperature 


2. Motor speed 

disturbances, the motor speed is varied. 


of 

varying 


The temperature controller. receives temperature sensor Inputs fron U»th.t ^co^-d^ends ^.refrigera- 
tor. The cold end temperature signal is compared to a Jemperatur ^ t0 the hot en d heater and a frequency 

signal, which is converted to an ^ ^ Drocesse s the error signal from the temperature sensing circuit 

command to the motor inverter. The control c P the Dower staqe The power stage is pulsed at a rate of 

and generates an output signal that ^J™^***? of the P°“ r -JSld'off during part of the 0.10-Hz cycle, 

0. 10 Hz. When less power is required, the power to the ea the off .portion of the cycle is lengthened 

1. e., if the temperature of the cold cylinder falls below te P » t p0 ? nt t he off-time becomes shorter, 

(i.e., the duy cycle is reduced), and when the temperature r- control heater must provide to maintain the 

The length of the duty cycle depends on the amount ofp^ th ^ g function of cold stage loading, ambient 

temperature of the cold cylinder at it. -e P • P Th Q 10 _ Hz frequency was chosen to allow long heater 

(or crankcase) temperature, motor speed, and input voltage, me u.iu g 

switching times to satisfy the EMI requirements of MIL-STD-461. 



SECOND STAGE TEMPERATURE CONTROL 


HUGHES 


o OPTIONS 

1 VARYING HOT CYL TEMP 

3 HEATER ON COLD TIP 

3 HEATER IN DEWAR 

A BY VARYING MOTOR SPEED 

o RECOMMENDATION 

VARY MOTOR SPEED USING ERROR SIGNAL FROM SECOND STAGE TEMP. 

1) HOT END TEMPERATURE 

2) MOTOR SPEED 
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EIFU POWER ESTIMATE 

Here is given a rough estimate of the power dissipation in the 
EIFU. The instrumentation output is based on providing scaled 
analog signals. 

The command logic circuit is based on digitally encoded com- 
mands and 5 -volt logic. The command logic power might be 
changed by having separate lines for each command, or by 
using CMOS logic. The total power dissipation is estimated 

i 

at 11 watts. 



EIFJ INPUT POWER ESTIMATE 


HUGHES 


1. ASSUME 10 MA/CHANNEL FOR OUTPUT DATA; 

20 CHANNELS REQUIRE 200 MA 

POWER = A. 8 WATTS 

2. ASSUME 20 MA/IC FOR COMMAND LOGIC, 

25 ICs REQUIRE ~-'500 MA; POWER = 1,2 WATTS 

3. POWER LOSS IN TEMPERATURE CONTROLLER 
SWITCH = 6 WATTS 

A. TOTAL INPUT POWER TO EIFU = 11 WATTS 
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block diagram of eifu 

The dashed line at the right shows the interface between the 
EIFU and the cryogenic cooler. Sensor signals from the hot 
cylinder, the crankcase, the cold stages, and the radiator are 
input to the EIFU. Motor drive, heater drive, and transducer 
excitation voltages are input to the cooler from the EIFU. 

Control logic box C accepts command signals from the ground 
and controls the various refrigerator functions. Since several 
combinations of sensors may be used to respond to failures m 
any one or two sensors, it is recommended that the redundancy 
function be controlled from the ground. The lower left hand 
portion of the diagram enumerates various instrumentation 
signals that should be telemetered to the ground in order to 
monitor refrigerator performance. 

The upper part of the diagram depicts the functional signal 
flow that accomplishes the functions of the EIFU. 



BLOCK DIAGRAM OF EIFU 


2- voc HEATER 


2WOC MOTOR 


2!) VOC 81 AS 


COMMANDS 
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IMPLEMENTATION PLAN AND SCHEDULE 


An implementation plan and schedule were developed for a follow on program to consist of critical 
component study, final design, fabrication, assembly, and test of three ALS VM coolers and one set of 
ground support equipment (GSE) to support an ALS flight experiment. The schedule below reflects the 
preliminary plan. 

During the interim between the current study and the follow on development program it is recommended 
that a critical componenent study be performed. This effort would address the design of seals, bearings, 
and riders and could be completed before beginning principal development program. Such an interim program 
would facilitate the development effort and result in earlier hardware deliveries. 
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ACTIVE VM TECHNOLOGY PROGRAMS 


Hughes Aircraft Company is now engaged in programs related to advancing VM technology state-of-the-art. 

The purpose of the 5 year VM component development program is to develop improved designs for life 
limiting coSponen?s and to improve refrigerator reliability and efficiency by exploring new design techniques 

and materials. 

The SIRE program will deliver three long life state-of-the-art VM refrigerators for use in spaceborne 
systems. 

The technology currently being developed is expected to advance the state-of-the-art of the life limiting 
components of VM cryogenic refrigerators to the point where goals of 45,000 hours can be realize . 




1) COMPONENT DEVELOPMENT FOR FIVE YEAR VM COOLER 

o REGENERATOR SEAL DEVELOPMENT 

DEVELOP NEW SEAL DESIGNS 

IMPROVE LIFE CHARACTERISTICS; DEVELOP WEAR DATA 

o COLD REGENERATOR IMPROVEMENT PROGRAM 

IMPROVE RELIABILITY AND EFFICIENCY OF REGENERATORS 

o COOLER LIFE IMPROVEMENT 

DEVELOP REFRIGERATOR WITH LIFE =>45,000 HOURS 

2) SIRE PROGRAM (CRYOGENIC PORTION) 

o IMPROVE VM TECHNOLOGY; DEVELOP THREE LONG LIFE, 
SPACEBORNE VM REGRIGERATORS 
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CONCLUSIONS 


The technical requirements for a cryogenic cooler capable of cooling the ALS detector are met with 
a VM cycle refrigerator utilizing technology developed during the CMP, Hi Cap, VM wear rate, SIRE, 5 Year 
Component Development programs. Because of these programs, the VM refrigerator is in an advanced state of 
development for space applications and can be expected to meet the ALS program objectives with low develop- 
mental risk. 




TECHNOLOGY DEVELOPED ON PREVIOUS AND CURRENT PROGRAMS IS EXTENDING THE 
STATE OF THE ART OF VM TECHNOLOGY TO THE p OINT WHERE LIFE IN EXCESS QG 
20,000 HOURS CAN BE REALIZED 


TECHNICAL REQUIREMENTS FOR ALS COOLING ARE MET WITH A BASELINE VM COOLER 
UTILIZING EXISTING TECHNOLOGY DEVELO°ED ON PREVIOUS AND CURRENT DEVELOPMENT 
PROGRAMS 


THE VM REFRIGERATOR iS IN AN ADVANCED STATE OF DEVELOPMENT FOR S 
APPLICATIONS AND CAN BE EXACTED TO MEET THE ALS OBJECTIVES WITH 
DEVELOPMENTAL RISK 


PACE 

LOW 


THE BASELINE ALS VM REFRIGERATOR AS DEFINED BY THIS STUDY M EETS ALS 
REQUIREMENTS WITH REASONABLE WEIGHT AND D OWER BUDGETS 

IT IS RECOMMENDED THAT INSTRUMENT RELIABILITY BE IMPROVED BY UTILIZING 
A REDUNDANT VM CYCLE REFRIGERATOR 
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